Background Telemonitoring care can be integrated into health care provision as a substitute for routine clinical follow-up. A telemonitoring service (TMS) integrated into the process of chronic heart failure (CHF) care has not so far been evaluated. Objectives We describe our comprehensive home TMS and evaluate its outcomes in comparison to the usual program of care after discharge from a Heart Failure Unit (HFU). Methods 133 patients discharged from a HFU, underwent risk cluster classification for cardiac events and were prospectively randomized to usual community care (n = 66) and to a management program delivered by the TMS (n = 67). Clinical outcome including re-hospitalization, cardiac death, and emergency room access, was compared in the two groups. Results Patients were clustered as at low (n = 51), moderate (n = 43) and high (n = 39) risk. The compliance to telemonitoring was 82%. The compliance to system follow-up was (81%). The mean individual access rate to the TMS was 4.6 ± 3.3 calls. Active interventions were made following 54% of the accesses. After 10 ± 6 months, 135 events had occurred: 103 in the usual care group and 32 in telemonitoring group (P < 0.001). Re-hospitalisation was 22 (TMS) vs 77 (usual care) (P < 0.009). Cluster risk classification intercepted patients' increased health care demands (low risk: 0.34 ± 0.62; moderate risk 1 ± 1.2; high risk 1.9 ± 1.5 events). Conclusion A management program delivered by a TMS can reduce health care demands by CHF patients.
Introduction
Heart failure is a growing public health problem. The incidence and prevalence of chronic heart failure (CHF) are clearly increasing in industrialized countries and heart failure continues to be a significant cause of hospital admissions. 1, 2 In the United States it has been evaluated that about 20% of patients with CHF require hospital management. 3 The SEOSI study showed that about 65,000 patients with CHF are admitted to cardiology departments in Italy each year. 4 Including patients cared for in other hospital wards, a realistic projection might be that each year about 230,000 patients with CHF are hospitalized in Italy. 5 In the USA, CHF costs about 38 billion dollars, of which approximately 2/3 are spent on readmissions to hospital. 6 Pharmaco-economic studies support the need to rationalize expenditure by limiting these repeated admissions. 7 This dramatic health care burde,n has made it necessary to define the continuity of the process of care as a homogeneous route coherent with the phases of the chronic illness and one governed by an integrated system of several strategies of different intensity. 8 These management strategies can be supported by new technologies. 9, 10 Recent data point out how comprehensive management strategies can improve outcomes in chronic heart failure and thus make resource consumption more effective. [11] [12] [13] [14] Some of these studies used home monitoring with self-managed teletransmitted daily measurements of vital signs. 14, 15 In 1992 the Medical Center of Montescano developed the Heart Failure Unit (UHF), characterized by high use of technology, to manage patients with severe chronic heart failure; In 1997 was structured the Day-Hospital, characterized by high know-how and low absorption of resources, constituting a front office for managing the follow-up of patients with chronic heart failure; and, finally, in 2000 a heart failure home telemonitoring service to support self-management of chronic heart failure patients and to identify early signs and symptoms preceding hemodynamic imbalance has been developed. Implementation and delivery of the heart failure home telemonitoring service is the subject of this investigation. In this study we describe our comprehensive heart failure home telemonitoring management program, evaluate the outcomes of this approach and compare them with those of the usual program of care after discharge from a HFU.
Methods

Study design
Patients in the HFU received a tailored individual therapy and underwent prognostic evaluation. At discharge from the HFU they were randomised to one of two management strategies: (1) usual care; the patient returned to the community and was followed-up by a primary care physician with the support of a cardiologist; (2) a home telemonitoring service, implementing a case disease heart failure management program. The primary end-point to evaluate any difference between the two strategies was a combined event rate, (the events considered being re-hospitalisation, emergency room access and total mortality). The secondary end-point evaluated was the patients' compliance to the telemanagement care process. 15 In particular, we considered: compliance to strategy (patients enrolled who subsequently transmitted data) and compliance to home telemonitoring (accesses made according to timetable/feasible accesses ratio).
Patients
Patients with CHF referred between June 2000 and June 2001 were screened for eligibility to participate in the home telemonitoring and telemanagement programs. Eligibility evaluation was based on cognitive and logistic criteria.
Prognostic stratification included a clinical examination, functional status evaluation (NYHA class), cardiopulmonary exercise test (peak VO2), and echo-Doppler examination (LVEF, mitral regurgitation, left end-diastolic and end-systolic diameters and deceleration time of early diastolic filling wave). Patients were then prescribed individual tailored therapy following heart practice guidelines and evidence-based medicine. 16, 17 Patients with unstable angina, atrial fibrillation, a pacemaker or automatic defibrillator, renal failure, end-stage heart failure requiring intravenous support, planned discharge to an outpatient CHF care facility and finally those with a very low probability of survival were excluded. At discharge patients were randomised to receive usual care or enter the home telemonitoring management program run by the telemonitoring service of the HFU.
Management strategies Usual care
At discharge, patients were referred to their community primary care physician and cardiologist or cardiology department. During follow-up the process of care was governed by different providers which managed the patient's needs with a heterogeneous range of strategies: emergency room management, hospital admission and outpatient access.
Heart failure home telemonitoring and telemanagement
The staff. The staff of the telemanagement service was the same which operated in the day-Hospital and consisted of 2 cardiologists and 2 trained nurses with consolidated experience. The team members used a management model which had been developed and implemented in a day-hospital unit. 18 The work plan governing the timing of different phases is depicted in Fig. 1 . Nursing staff organized and administered educational interventions addressed to information about the illness, therapeutic programs, self management of signs and symptoms, diet and fluid recommendations, domestic and activities counselling and, finally, about the use of the telemonitoring service. The educational sessions were held both individually and in groups, with a methodology of ''problem-solving'' with initial and final tests. The patients received educational materials, including cardiac failure book, telemonitoring service booklet, daily computerized medications plan, pillboxes with scheduling time, summary sheets of domestic and physical activities. A physician designed a personal care plan for each patient. 19 The telemonitoring system. In order to send the information concerning their vital signs and symptoms (weight, systolic blood pressure, heart rate, dyspnoea, asthenia, oedema, therapy changes, blood urea nitrogen, creatinine, sodium, potassium, bilirubine) to the medical staff, patients enrolled in the telemonitoring group used the touch-pad of their home or mobile phone, after having dialled a toll-free number. Each parameter was entered in reply to a question asked by a recorded voice and confirmation was requested for each of them. Before entering data, the patient was first requested to provide his/her identification code in the study. The overall procedure was managed by an interactive voice response (IVR) system (Appel Elettronica Srl, Turin). Hence, data transmission did not require operator support.
Each patient was also allowed to contact the medical staff at any time by leaving a message in an answering machine integrated in the IVR system, asking for advice or help. Each message was saved in digital form, thus becoming an integral part of the data set gathered for each patient during the study.
The overall management of vital signs and voice messages was carried out by a dedicated software package (IMAC, Biomedical Engineering Unit, Montescano). At the time of enrolment into the study, the software generated a personalized timetable for planned periodic transmission of vital signs and provided the patient a printed copy.
The daily telemonitoring activities typically began by listening to vocal messages and taking the appropriate actions. The software then automatically identified those patients, if any, who had not transmitted their vital signs, as expected from their timetable (accepted tolerance: ±2 days). These patients were contacted by phone. Afterwards, attention was given to received transmissions containing abnormal vital signs. A list of these patients was automatically provided by the management software on the basis of: (i) one or more parameters being outside the accepted individual range of variation, and/or (ii) the rate of change of one or more parameters exceeding a pre-set value. Both the acceptable range of variation and rate of change of vital signs were entered into the management software by the attending physician before follow-up commenced. Each patient had his/her personalized settings according to clinical status and functional examinations. If at least one parameter was out of range, a ''range alarm'' was automatically triggered. Similarly, if at least one parameter showed an abnormal change, a ''stability alarm'' was automatically triggered. Abnormal values typically elicited intervention in the form of a phone call to the patient at home.
Data management. The nurses prepared printouts of all received parameters with a synopsis of previously transmitted data and submitted these to the physician for an analysis. These examinations of the data informed the following care process according to clinical scenery: the patient could be contacted to perform counselling or triage, for integration or changes in the therapy, to require further examinations, to manage unexpected accesses. The interventions by nurses and/or by physicians were graduated according to scenery developed from the analysis of the received data.
Care plan. A plan of access was structured for each patient. 20 The access was determined by a clinical and instrumental cardiac risk score which is based on the following Heart failure case disease management program F93
parameters: NYHA functional class, peak VO2, deceleration time of early diastolic filling of mitral flow, left ventricular end-systolic diameter and natremia. 20 Briefly, each of these variables was set at 1 when the observed value indicated an increased risk (namely NYHA > II, LVESD P 55 mm, VO2 6 11 ml/kg/min, DT < 115 ms, NA < 139 meq/l), otherwise it was set to 0. Then the score was computed according to the following prediction equation: score risk = 0.41 · NYHA + 0.47 · LVESD + 0.43 · -VO2 + 0.57 · DT + 0.75 · NA. Finally, the patient was assigned to a 3 level risk class according to the value of the computed score: low risk (<0.75), medium risk (P.75 and 61.45), high risk (>1.45).
According to the patients' risk class, we defined the personalized timetable for periodic access to the telemonitoring service: low risk patients every 60 days, medium risk patients every 30 days and high risk patients every 15 days. At discharge, the patient's anagraphical clinical and instrumental data were entered into the management software. For each clinical and instrumental variable maximal and minimal oscillations and maximal changes tolerated between two calls were set in order to classify patients as clinically stable or instable (Fig. 2) .
At discharge the patient was given the toll-free telephone number to call, his personal code, the table of vital signs and symptoms to send, the timetable of access, and a user's manual.
Outcome measurements. The number of accesses, amount of transmitted data, data entry errors, transmission errors, compliance to strategy (patients enrolled who subsequently transmitted data) and compliance to home telemonitoring (access made/access planned ratio) were evaluated as compliance outcomes. Readmissions to hospital, emergency room use and total mortality were evaluated as telemanagement outcomes. These outcomes were evaluated after a mean follow-up of 12 months.
Statistical analysis
Between group comparisons of baseline clinical and functional parameters were performed by one-way ANOVA for continuous variables and by the v 2 test for categorical variables. Descriptive statistics are presented as mean ± SD. A probability value <0.05 was considered as statistically significant.
Results
Between June 2000 and June 2001, 210 patients were admitted to our HFU or day-hospital with a diagnosis of CHF; 133 patients were eligible for the home telemonitoring service of whom, 66 were randomised to community care and 67 to the home telemonitoring service. No significant clinical or instrumental differences were observed between two groups (Table 1) . Their mean left ventricular ejection fraction was 29%. Patients were allocated into the following risk cluster's: 51 patients at low risk, 43 at moderate risk and 39 at high risk (Table 2 ). No differences in risk cluster's were found between the two management groups.
Telemanagement compliance outcomes
Twelve out of 67 (18%) patients recruited to telemonitoring system did not contact the service and were considered drop-outs. Patients accessed the service on 294 occasions: 246 of these were accesses with transmission of vital signs and symptoms and 48 were calls to the 24-h answering machine. The compliance to system follow-up was 174/216 (81%). Patients transmitted 3690 pieces of data. It was found that 21/246 (8.5%) of the accesses contained errors of data entry. No transmission errors were found.
Telemanagement outcomes
After 10 ± 6 months of follow-up (median 11 months), 135 events had occurred in all patients. Of these, 103 events were recorded in the usual care group and 32 in the telemonitoring group (P < 0.001). There were 101 hospital admissions of which 77 (76%) were for community-treated patients, while 24 (24%) for patients managed by the telemonitoring service (P < 0.001). There were 13 S. Capomolla et al. accesses to the emergency room; 12 (92%) occurred in the usual care group and 1 (8%) in the telemonitoring group. Total mortality occurred in 12/133 (9%) patients; cardiac death occurred in 7/66 (11%) of the usual care group and in 4/67 (6%) of the telemonitoring group. Table 2 summarises the event rates in the different risk groups according to management strategy. The risk score was proven to be accurate in identifying patients at increased risk of events. The timing of access planned on the base risk score was effective in decreasing the frequency of events. Table 3 report interventions undertaken during telemanagement: 54% of patients required an active intervention, whereas the remaining 46% were confirmed to be clinically stable and received educational reinforcement about home management. The number of patients with repeated events was dramatically reduced (8% vs 42% P < 0.0001) in TMS group strategy.
Discussion
This study showed that home telemonitoring was more effective than usual care in reducing health care requirements. Two variables have been shown to play a major role in the clinical outcomes of CHF patients: optimised therapy and the continuous redefinition of the care process. Several pharmacological trials have demonstrated the efficacy of drugs in decreasing morbidity and mortality. 21, 22 Our results indicate that the implementation of a case disease telemanagement program provides better results than usual care as it further enlarges the mortality and morbidity reductions observed in an intention to treat trial. An increased patient's knowledge about the management of illness, including importance of some drugs, self-management of diuretics, adherence to therapy and recognition of initial signs and symptoms of haemodynamic deterioration might have played a major role in the improved outcomes.
Several aspects of our strategy management deserve comments: (1) the model, (2) the components of the care process; and (3) the intensity of intervention.
The adopted model has important characteristics: it is easy to use thus providing good adherence to the service and accurate transfer of the information; it has a good performance and provides intelligent management of vital signs and symptoms; dedicated specific resources, such as a call centre, are not necessary since it can be managed by the trained nursing team in the setting of the CHF outpatient department. The tight relationship between health care personnel and patients allows coaching to stimulate the patient's active participation in self-management of his/HER illness. 23 In this perspective the telemonitoring service could represent a ''hub'' in a network of health care processes for CHF patients, guaranteeing rapid access to the different ''spokes'' to collect the patients' clinical and instrumental history. 24, 25 Furthermore this service may link the health care needs of the patient and the different managerial models interacting in the network of care of CHF patients, contributing to decrease recourse to ineffective re-admissions.
The individual care process plan is defined after performing the following phases: (a) assessment of education and counselling of patients and caregivers to manage the illness and improve compliance; (b) completion of open questions (risk stratification, therapeutic optimisation, transient changes of diuretic regimen, etc.) of the care process activated in the previous management strategies; (c) definition of the timetable for data transmission on the basis of a risk score for cardiac events; (d) determination of the range of the variables in the panel which identifies clinical and hemodynamic stability. Statements from evidence-based-medicine (EBM) provide valid, strong support to the process of care by telemanagement. 16, 17 In this perspective the management of CHF patients changes profoundly: health care is not management of an acute event and/or clinical symptoms -a characteristic of the usual care with interventions in the emergency room, and often, of primary care physicians, cardiologists and/or surgeons -but a care process that verifies the state of illness of the patient and supports decision-making to prevent haemodynamic imbalance, to reinforce educational support, to optimise therapy, and to improve quality of life and outcome.
The Intensity of intervention also represents a relevant item in our strategy. Previous studies have questioned the modalities of CHF outpatient management program. 26 In our study the intensity of use of the telemonitoring service was planned using a risk score of cardiac events updated by individual prognostic indicators. The planned frequency of use was effective in all risk subgroups at intercepting emerging health care needs and preventing haemodynamic imbalance. In this way, the intensity of the intervention uniformly reduced the rate of re-hospitalisation in all risk groups but, above all, improved the appropriateness of access of the patient with a moderate-low risk, reducing the re-hospitalisation for CHF.
This link between the process of care, telemanagement and application of EBM has allowed us to structure a case disease telemanagement program with graduated interventions responsible for improved performance. A positive effect of the management program for CHF outpatients might be continuous optimisation of therapy. During the telemanagement program, therapy was modified in 26% of patients. Furthermore 61% of patients received support in order to improve behavioural strategies, which can in turn increase therapy effectiveness (adherence, drug interactions, synergistic effects) and in particular to manage other factors that could activate a vicious circle, escalating health care needs (e.g., renal dysfunction, infections, metabolic syndrome, diabetes, poor adherence to nutritional counselling, incorrect information). Unplanned open access was another important component of our telemanagement program. This modality of access is reserved to patients who exhibit markers and symptoms of haemodynamic imbalance during follow-up. Open access to the telemanagement service allows extemporaneous institution of new care processes (therapy changes, laboratory examinations, instrumental investigations and referral to other management strategies) by the heart failure care team. This implies that hospital admission is managed and integrated in a program of continuous redefinition of cardiovascular risk, measurement of biochemistry parameters and evaluation of therapeutic effectiveness by the same care team. In contrast, in usual care, hospital admission is often a reactive solution to the failure of a care process managed by different providers and at different times of the initial course of haemodynamic imbalance. In our experience, unplanned access to the service together with voice messages constituted 27% of the health care needs of CHF patients.
Several studies have addressed the impact of telemanagement in CHF. West et al. 15 showed that telephonic interventions decreased by 87% the CHF hospitalisation rate during the 6 months of the program. In the DIAL trial, 27 tailored telephonic interventions (mean 18 calls) over 439 days decreased CHF re-hospitalisation by 25% with no effect on the mortality rate. In contrast, the Ten-HMS trial 28 showed that 400 days of telemanagement, compared to usual care, failed to decrease time to event. However, in this study a decrease in mortality (13% vs 26% P < 0.003) was found in the treatment group. Benatar et al., 29 using daily telephonic telemanagement for a 90-day period, showed that this decreased re-hospitalisation by 46% in comparison with home nursing treatment. Heidenreich et al. 30 by monitoring system managed 68 patient for 7 months with a decrease in hospital re-admission of 44%. Finally, Riegel et al. 31 studied a nurse case-management telephone strategy with an average of 17 calls during a 6-month follow-up and showed a 47% reduction of heart failure hospitalisation rate. Conversely, Weinberger et al. 32 showed that intensive management by primary care physicians increases hospital readmission and cost management. Moreover, Laramee et al. 33 underlined as hospital-based nurse case management program failed to decrease hospital readmission. The wide range of the results in the quoted studies underlines that management effectiveness could depend on different variables: the team management, the intensity of treatment, the parameters monitored, the standardisation of the managerial algorithms, the characteristics of the patients. Several studies showed a graduation of effectiveness related to the intensity of the intervention. 33, 34 In our study to improve cost-effectiveness, the intensity was linked to the patient's clinical characteristics. Thus, the intensity of intervention increased on average by 40% for each increase in risk cluster. Indeed, the use of a standard intensity program in patients with few symptoms would unnecessarily consume resources. 32, 35 Standardization of the management algorithm can be justified by our results. Using the HFU as a benchmark, we transferred the experience gained in the HFU to establish the clinical and instrumental variables that allow the natural trend of the illness to be monitored. Accordlingly in the Laramee study, 33 a significant decrease of CHF readmission has been observed in the subset of patients who were jointly managed by nurse and cardiologist or physician. Finally, software support, to define care processes and to guide telemanagement can favourably affect the outcome of the telephonic intervention as it allows different health care providers to focus on essential contents of management and on the health care needs of the CHF patients.
25,26
Study limitations
Various limitations of our study must be acknowledged. Elderly patients and those affected by diastolic heart failure are poorly represented in our study population. The impact of this strategy on mortality can only be observed and described because the sample size was not adequate to detect statistical differences in this outcome. The relationship between the different components of the strategies (model, providers, care process, standardization and intensity of intervention), their absorption of resources and relative contributions to the outcomes have not been evaluated. The costs of the strategies have not been evaluated. The cost/effectiveness of this telemanagement program have not been compared to those of other CHF outpatient management programs.
In summary, this randomized prospective study showed that, compared to usual care, a case disease telemanagement program delivered by a telemonitoring service can improve outcome in CHF patients. Further research is needed to define whether different models of telemonitoring or inclusion of other parameters can improve the effectiveness in the management of patients with heart failure impacting mortality rate and improving quality of life. To this aim, The European community founded HHH (home or hospital in heart failure) project was started in 2001 and results are expected in 2004.
